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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates generally to 
devices or methods for filtering blood clots from blood 
vessels, and more particularly to vena cava blood clot 
filters and apparatus for inserting such vena cava 
blood dot filters transvenously. 

Background of the Invention 

It is estimated that each year, approximately 
750,000 patients in the United States suffer pulmo- 
nary embolism or passage of blood clots to the lungs. 
Of these, approximately 150,000 patients die each 
year from such pulmonary embolism. Most com- 
monly, these dots originate in the veins of the pelvis 
or lower limbs. While most patients can be treated 
with blood thinning medications, these medications 
can jeopardize the wellbeing of some patients 
because of other, co-existing medical problems. 
Other patients exhibit recurrent embolism even while 
being treated with these medications. In these situa- 
tions, a mechanical barrier is necessary to prevent 
such blood dots from travelling through the inferior 
vena cava to the heart and lungs. 

Initially, surgical procedures were devised to form 
such a mechanical barrier. These procedures consis- 
ted of either tying a ligature around the inferior vena 
cava or placing a special clip around it The surgery 
necessary to perform this procedure is extensive and 
requires a general anesthetic. Moreover, such surgi- 
cal procedures significantly further jeopardize the 
health of an already ill patient 

Over the last fifteen years, several devices have 
been used to place a filtering device into the inferior 
vena cava using a transvenous route, commonly origi- 
nating from the right Jugular vein or from either femoral 
vein. For example, the method disdosed in U.S. 
Patent No. 3.834.394 to Hunter, et at. uses a detach- 
able balloon which is delivered to the inferior vena 
cava at the end of a catheter. The balloon and catheter 
are inserted Into one of the veins in the neck using a 
surgical incision and passed to the lower inferbr vena 
cava where the balloon is inflated. Once detached, 
the balloon occludes the inferior vena cava entirely, 
thereby preventing any flow of blood or blood dots to 
the heart. While insertion of this device avoids major 
abdominal surgery, it still requires a small surgical 
procedure to be performed in order to expose a neck 
vein. The balloon occludes the inferior vena cava 
completely, resulting in swelling of the lower extremi- 
ties until collateral circulation develops around the 
balloon. With time, these collateral channels may 
become large enough to permit life threatening emboli 



to pass to the lung. 

Another device for preventing pulmonary embol- 
ism but which does not require total ocdusion of the 
inferior vena cava is an implantable cone-shaped f il- 
5 ter device consisting of six spokes with sharpened 
points at the end and conneded together at the other 
end by a central hub. A thin membrane with 4 mm. 
holes covers the device. The umbrella-like device is 
folded into a cylindrical capsule connected to the end 

10 of a catheter. This device is described in U.S. Patent 
No. 3,540,431, to Mobin-Uddln. This device also 
requires a surgical cutdown on a major right neck vein 
for access to the venous system. The device and deli- 
very capsule are positioned in the inferior vena cava 

15 and released by pushing the device out of the cap- 
sule. While the device acts as an efficient fflter, 
approximately 60% of the patients using the Mobin- 
Uddln filter develop occlusion of the inferior vena 
cava, sometimes resulting in severe swelling of the 

20 legs. Furthermore, Instances of migration of the filter 
to the heart have been reported; such instances pre- 
sent a high mortality risk. 

The Hunter balloon and the Mobin-Uddln 
umbrella suffer from similar disadvantages in that 

25 they require a surgical procedure on the neck for 
exposure of a vein into which the filter may be passed. 
Furthermore, morbidity from ocdusion of the inferior 
vena cava could be severe. A device which could be 
easily inserted from the fenrioral approach using stan- 

30 dard angiographic techniques, and thereby avoid 
surgery, would be desirable. Ideally, the device, 
should not totally ocdude the inferior vena cava or be 
thrombogenic. It should also be securely anchored 
within the inferior vena cava to prevent migration. 

35 U.S. Patent No. 3,952,747. to Kimmel, disdoses 

a blood vessel filter and filter insertion instrument 
which overcome some of the disadvantages of the 
previous two devices. The Kimmel patent describes a 
device which may be inserted either from the jugular 

40 or femoral approach using a surgical exposure of a 
major vein. The conical shaped device consists of six 
strands of wire each connected to a hub at one end 
and having recurved hooks on the other end. The 
device is loaded into a cylindrical delivery capsule 

45 which is connected to a catheter. The delivery capsule 
measures 6 mm. in diameter and 5 cm. in length. 
Because of its size, a surgical exposure of the vein is 
necessary for introduction of the delivery capsule into 
the vascular system. More recently, the delivery cap- 

50 sule has been introduced into the vascular system 
through a large catheter using angiographic techni- 
ques. However, this technique has been shown to sig- 
nificantly injure the vein at the inbt)duction site. 
Sometimes it may not be possible to pass the capsule 

55 from below through tortuous pelvic veins into the 
Inferior vena cava because of the Inflexibility of the 
capsule. The filter engages the wall of the vein at one 
end and therefore often tilts to one side. It is very dif- 
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f icult to deliver the filter in a manner that maintains the 
longitudinal axis of the f Bter centered along the lon- 
gitudinal axis of the vena cava. A tOted filter has been 
shown to be less efficient at capturing Wood clots. 
Migration of the filter has not been a problem. 

Another method of preventing pulmonary emboli 
from reaching the lungs is a device disclosed in U.S. 
Patent No. 4,425,908, to Simon. This device uses the 
thermal shape memory properties of Nitino! to deploy 
the filter following delivery. The filter consists of 
seven wires banded at one end and also in the middle. 
The wires between these two points form a predeter- 
mined filter mesh derived from the thermal memory. 
The free-ends of the wires form anchoring points 
which radially engage the inferior vena cava. The 
device may be inserted through a jugular or femoral 
vein approach using standard angiographic cathe- 
ters. The device relies on the thermal shape memory 
properties of the Nitinol wire to form an effective filter 
following delivery. It is not yet dear whether the filter 
disclosed in the Simon patent will be biocompatible in 
humans or if it will be thrombogenic. Concerns exist 
regarding Its reliability when stored at different tenrv 
peratures and also whether the material can be man- 
ufectured with the same consistency. 

U.S. Patent No. 4.494, 531, to Gianturco, also 
discloses a blood vessel filter which can be inserted 
through angiographic catheters. The device consists 
of a number of strands of wire which are interconnec- 
ted and wadded together to form a curly wire mesh. 
The filter includes a number of projections which 
serve as an anchoring means for anchoring the filter 
at a suitable body location within the inferior vena 
cava. Problems with the device include mlgratton and 
demonstration invitro of f fltering inefficiency. The ran- 
dom nature of the filtering mesh makes it difficult to 
assess the overall efficacy. Perforation of the anchor- 
ing limbs through the vena cava has also been des* 
cribed. 

A device described by Gunther et al. in a 1985 
technical article consists of a helical basket made of 
a number of wir^ and radially placed legs. Originally, 
it was intended to be implanted temporarily in the 
inferior vena cava until the patlenfs risk of pulmonary 
embolism had passed. Limited clinical experience is 
available. 

The blood dot filter device and related delivery 
apparatus disclosed in the present invention, over- 
come the disadvantages associated with the prior art 
by employing a nonocdusive filter which is designed 
to be inserted into the vena cava using normal per- 
cutaneous catheterization techniques through a 
femoral or jugular approach. Thus the need for 
surgery is totally eliminated. The device is self-center- 
ing and has a positive mechanical locking system. 
This system does not require the patient to be at a 
given temperature in order for the filter to form its 
shape. Moreover, it is nrade of metals which have 



been shown to be biocompatible when used in other 
devices such as pacemakers and inferior vena cava 
filters. This is not true of the filter disclosed by Simon. 
The filter conf iguratwn is predetermined and not ran- 
5 dom as described by Gianturco. 

Accordingly, it is an object of the present inven- 
tion to provide a blood clot filter which may be implan- 
ted using normal percutaneous angiographic catheter 
techniques through either a femoral or jugular 
10 approach. 

It is a further object of the present Invention to 
provide a blood dot filter which is designed to be 
placed within the inferior vena cava below the renal 
veins. 

15 It is yet a further object of the present invention 
to provide a blood dot filter which does not obstruct 
blood flow within the blood vessel at any time. 

It is still a further object of the present invention 
to provide a blood dot filter which will not cause 
20 thrombus for mation or em bol i after implantation. 

An additional object of the present invention is to 
provide a blood dot filter which is capable of being 
securely anchored within the blood vessel. 

It is a further object of the present invention to 
25 provide a blood dot filter which forms its shape using 
mechanically induced conversion of straight wires 
into a filter mesh which may accommodate vena 
cavas of varying sizes. 

It is another object of the present invention to pro- 
30 vide such a blood dot fnter which uses well-known 
btocompatible materials and which avoids reliance 
upon thermal memory shape characteristics, thereby 
providing a reliable and less expensive filter. 

35 Summary of the Invention 

Briefly described, and in accordance with one 
embodiment thereof, the present invention relates to 
a blood dot filter which indudes a central core wire 

40 extending along a central longitudinal axis and sur- 
rounded by a number of peripheral wires evenly 
spaced about the central core wire. A first connector 
connects the peripheral wires together at one end of 
the central core wire at a first f bced connection point 

45 A second connector connects the peripheral wires 
together at a second connection point spaced apart 
from a the first connection point, the second connec- 
tion point surrounding the central core wire and being 
slidably secured thereto. The blood dot filter indudes 

50 a one-way lock device permitting the second connec- 
tor to slide along the central core wire toward the first 
f bced connector from a first position remote from the 
first connector to a second position proximate the first 
connector. However, the lock device prevents the sec- 

55 ond connector from returning from the second proxim- 
ate position back to the first remote position. The 
portions of the peripheral wires extending t)etween 
the first and second connectors initially extend gen- 
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eraliy along the central core wire. As the second con- 
nector is advanced from the first remote position to 
the second proximate position, the portions of the 
peripheral wires extending t)etween the first and sec- 
ond connectors move radially away from the central 5 
core wire to a deployed position for forming a filter 
mesh. 

In a preferred emt)odiment of the present inven- 
tion, the peripheral wires include leg portions which 
extend beyond either the first or second connector. io 
The leg portions are biased away from the central lon- 
gitudinal axis of the blood dot filter and terminate in 
hooked feet adapted to engage the walls of a blood 
vessel for anchoring the blood dot filter at a desired 
location therein. The leg portions provide a second f 3- is 
tering component in addition to the flattened fitter 
mesh, and the leg portions, in conjuction with the flat- 
tened filter mesh, automatically center the blood clot 
filter within a blood vessel and prevent the same from 
tilting away from the central longitudinal axis. 20 

The aforementioned second connector may be in 
the form of a tubular sleeve which slides over the cent- 
ral core wire. Each of the peripheral wires may be 
attached, as by welding, to the exterior wall of the 
tubular sleeve. In another embodiment of the present 25 
invention, the second connector is in the form of a col- 
lar through which each of the peripheral wires passes, 
the collar serving to collect and connect the peripheral 
wires to permit the same to slide along the central 
core wire. 30 

A first embodiment of the present invention ts 
primarily designed for delivery using a transfemoral 
approach. In this embodiment, the aforementioned 
first connector joins first ends of the peripheral wires 
together and fixedly secures the same to a first end 35 
of the core wire. The second connector joins central 
portions of the peripheral wires to one another for slid- 
ing along the central core wire. The second ends of 
the peripheral wires extend from the second connec- 
tor to provide the aforennentioned leg portions. The 40 
central core wire extends beyond the second connec- 
tor and beyond the second ends of the peripheral 
wires for being retracted to deploy the flattened filter 
mesh. 

A second embodiment of the present invention is 45 
adapted for delivery using a transjugular approach. In 
this embodiment, the first connector joins the central 
portions of the peripheral wires together and f wedly 
secures the same to the first end of the central core 
wire. The second connector joins first ends of the so 
peripheral wires to one another and slidingly secures 
the same about the central core wire. The second 
ends of the peripheral wires extend from the first con- 
nector to form the leg portions. The central core wire 
extends through and beyond the second connector in ss 
a direction opposite to which the leg portions extend. 
The second end of the central core wire is again adap- 
ted to be retracted for deploying the filter mesh. 



The present invention also contemplates a filter 
delivery apparatus for use in conjunction with a blood 
dot filter of the type summarized above. The filter 
delivery apparatus indudes a delivery catheter hav- 
ing a distal end for percutaneous introduction into a 
blood vessel, the distal end of the delivery catheter 
being adapted to deliver the blood dot filter within the 
blood vessel. A pusher catheter is slidingly received 
within the delivery catheter through the proximal end 
thereof. The distal end of the pusher catheter is adv- 
anced into the delivery catheter until it abuts the blood 
dot filter. Retraction of the delivery catheter, while 
maintaining the pusher catheter engaged with the 
blood dot filter causes the leading portion of the blood 
dot filter to be delivered from the distal end of the deli- 
very catheter. 

The filter delivery apparatus further includes a 
retractor cable which slidingly extends through the 
pusher catheter and which is releasably coupled to 
the retraction end of the central core wire. By pulling 
back on the retractor cable while maintaining the 
pusher catheter in abutment with the blood dot f flter, 
the user forces the filter mesh to become locked in its 
deployed configuration. Further retraction of the deli- 
very catheter while maintaining the pusher catheter 
fixed releases the blood dot filter entirely out of the 
distal end of the delivery catheter, permitting the leg 
portions to spring outwardly and engage the walls of 
the blood vessel. Retractton of both the delivery 
catheter and pusher catheter then permits the retrac- 
tor cable to be disengaged from the retraction end of 
the central core wire. The delivery apparatus may 
then be removed, leaving the blood clot filter in the 
desired location. 

Brief Description of the Drawings 

Fig. 1 is a side view of a blood clot filter construc- 
ted in accordance with the teachings of the pre- 
sent invention and designed for percutaneous 
introductton and delivery using a transfemoral 
approach. 

Fig. 2 is a frontal view as viewed through the 
plane indicated by lines 2-2 in Fig. 1. 
Fig. 3 is a sectioned view of the filter device 
shown in Fig. 1, as viewed from the plane indi- 
cated by lines 3-3 in Fig. 1 and illustrating six 
anchoring legs for anchoring the blood clot filter 
at a desired location in a blood vessel. 
Figs. 4A. 4B, 4C, 4D, 4E and 4F illustrate the deli- 
very and deployment of the blood dot filter shown 
in Fig. 1 using a novel filter delh/ery apparatus. 
Figs. 5A and 5B are perspective and cross-sec- 
tional views, respectively, of one form of releas- 
able coupling for releasably connecting a 
retraction end of a central core wire within the 
blood dot filter to a retractor cable within the deli- 
very apparatus. 
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Figs. 6A and 6B are perspective and top views, 
respectively, of a second form of releasable cou- 
pling for releasably connecting the retraction end 
of the central core wire within the blood dot filter 
to the retractor cable. s 
Fig. 7 is a side view of a blood clot filter similar to 
that shown in Fig. 1, but wherein the anchoring 
legs are curved rather than straight, and are of 
different lengths. 

Figs. 8A, 8B. and 8C are partially cut away io 
detaOed views of a lockdevice for locking the filter 
mesh of the blood dot filter in a deployed position 
and simultaneously spreading the anchoring legs 
to more firmly anchor the blood dot filter within 
the blood vessel. 15 
Fig. 9 is an alternate form of lock device in the 
form of a one-way washer which slides in one 
direction along the central core wire, but not in the 
opposite direction. 

Figs. 1 0A, 1 0B. and 1 0C are cross-sectional side 20 
views of an alternate form of blood dot filter inten- 
ded for percutaneous introduction and delivery 
using a transjugutar approach, together with a 
delivery apparatus for introducing such blood clot 
filter. 25 
Fig. 11 is an alternate form of delivery apparatus 
induding a delivery catheter in which the blood 
dot fQter may be pre-loaded at the distal end 
thereof, and further including an outer catheter 
into which the delivery catheter may be inserted 30 
for gaining access to the blood vessel. 
Figs. 12. 13. 14 and 15 illustrate various stages 
in the delivery of the blood dot filter using the fil- 
ter delivery apparatus shown in Fig. 11. 
Fig. 16 is a sectional view of the slidable connec- 35 
tor shown in Fig. 1 as viewed through the plane 
indicated by lines 1 5-1 6 in Fig. 1 , wherein the slid- 
able connector is in the form of a collar encirding 
the peripheral wires of the blood dot f Oter. 
Fig. 1 7 is a sectional view of a slidable connector 40 
in the form of a tubular sleeve surrounding the 
central core wire and having a circular exterior 
wall to which the peripheral wires are attached. 
Figs. ISA. 18B, and 18C are sectioned views of 
an alternate form of lock device for mechanically 45 
locking the filter mesh of the blood dot filter in the 
deployed, flattened configuration. 
Fig. 19 shows the proximal end of a delivery 
catheter, as well as a filter storage tube in which 
the blood dot filter may be preloaded. so 
Fig. 20 illustrates a wire shaping jig which may be 
used to form the peripheral wires that are used to 
construct the blood clot filter. 
Fig. 21 disdoses an assembly jig which may be 
used during assembly of the blood clot filter in 55 
order to hold the central core wire and peripheral 
wires in place during assembly. 



Detailed Description of the Preferred Embodiments 

In Fig. 1 . a blood dot f ater of the type intended for 
percutaneous introduction and delivery using a trans- 
femoral approach is shown and is designated gener- 
ally by reference numeral 20. Within Fig. 1, dashed 
lines 22 and 24 indicate the outline of an interior wall 
of a blood vessel, such as the inferior vena cava. 
Blood dot filter 20 consists essentially of a central 
core wire 26 which extends generally along the cent- 
ral longitudinal axis of blood dot filter 20. as well as 
six peripheral wires 28. 30. 32. 34. 36 and 38 spaced 
equiangularly about central core wire 26. Peripheral 
wires 36 and 38 are hidden from view of Rg. 1 by 
peripheral wires 30 and 32, respectively; however, 
peripheral wires 36 and 38 are visitHe in Figs. 2 and 
3. 

In Fig. 1. a first connector 40 is shown forming a 
nose of blood dot filter 20. Connector 40 serves to 
connect together a first end of each of peripheral 
wires 28-38. and attaches such peripheral wires 
about the first end of central core wire 26 at a first con- 
nection point. Connector 40 is welded, crimped or 
otherwise attached to the first end of central core wire 
26 and to the first ends of peripheral wires 28-38 so 
that a fixed connection is achieved between the cent- 
ral core wire and the six peripheral wires. 

Still referring to Fig. 1, the six peripheral wires 28- 
38 are again joined along their central portions by a 
second connector 42. As shown best in Fig. 16, con- 
nector 42 Is in the form of a tubular collar having a 
centra! opening defining an interior wall 44. Each of 
the peripheral wires 28-38 passes through tubular col- 
lar 42 and is secured to interior wall 44 thereof, as by 
welding or by other means of attachment. Thus, sec- 
ond connector 42 serves to connect together 
peripheral wires 28-38 at a second connection point 
spaced apart from the first connection point at first 
connector 40. Referring again to Fig. 16, it will be 
noted that central core wire 26 passes freely through 
the interior space defined by tubular collar 42 and the 
peripheral wire secured therein, thereby allowing sec- 
ond connector 42 to slide along central core wire 26. 

Referring briefly to Fig. 17. an alternate form of 
second connector is shown designated by reference 
numeral 42'. Second connector 42' indudes a tubular 
sleeve 46 having a central bore 48 through which 
central core wire 26 extends. Tubular sleeve 46 
indudes an exterior drcular wall 50 to which each of 
peripheral wires 28-38 are attached, as by welding. 
Like connector 42 shown in Fig. 16. connector 42' 
shown in Fig. 17 slidingly secures the central portions 
of peripheral wires 28-38 about central core wire 26. 

Within Fig. 1 , second connector 42 is shown after 
having been advanced to a position relatively proxim- 
ate to nose 40. The portions of peripheral wires 28-38 
lying between first connector 40 and second connec- 
tor 42 are shown as forming a flattened filter mesh, 
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designated generally by reference numeral 52. Each 
of the portions of peripheral wires 26-38 lying be- 
tween first connector 40 and second connector 42 
rotates through an angle of approximately 90^-120*'. 
As second connector 42 is advanced toward first con- 5 
nector 40, the portions of peripheral wires 28-38 lying 
between first connector 40 and second connector 42 
extend radially away from central core wire 26, to a 
flattened, deployed position shown in Rgs. 1 and 2. 
As shown in Fig. 1 , the extreme outermost portions of io 
flattened filter mesh 52 engage and slightly distend 
the interior walls 22 and 24 of the blood vessel, 
thereby providing a filter mesh which extends over the 
entire cross-sectional area of the blood vessel and 
which helps locate blood clot filter 20 along the central is 
axis of the blood vessel once the leg portions of the 
peripheral wires 28-38 are released. When filter mesh 
52 is fully deployed, it extends substantially perpen- 
dicular to central core wire 26, and substantially per- 
pendicular to the longitudinal axis of blood clot filter 20 
52. 

As mentioned above, the peripheral wires 28-38 
rotate through an angle of approximately 90*'-120** as 
filter mesh 52 is deployed to facilitate the flattening of 
the filter mesh. Peripheral wires may be pre-shaped 25 
during manufacture of blood dot filter 20 by proximat- 
ing nose connector 40 and slide connector 42 and 
turning nose connector 40 through an angle of 
approximately 90M20' while holding slide connector 
42 fixed, and then heat-treating filter 20 so that the 30 
elastic memory of the peripheral wires will cause filter 
mesh 52 to flatten when core wire 26 is retracted. 

As shown in Rg. 1, the ends of peripheral wires 
28-38 lying opposite connector 40 pass outwardly 
through slidable connector 42 In a direction generally 35 
opposite to that of connector 40. These second ends 
of peripheral wires 28-38 form anchoring legs, each 
of which is biased away from the central longitudinal 
axis of blood clot filter 52. These anchoring legs col- 
lectively form a leg assembly designated by reference 40 
numeral 61. Each of the leg portions of peripheral 
wires 28, 30, 32, 34, 36 and 38 terminate in shar- 
pened hooks or feet 54. 56. 58, 60. 62 and 64. re- 
spectively for engaging the becoming f bced within the 
interior walls 22, 24 of the blood vessel to anchor and 45 
maintain blood clot filter 52 at a desired location the- 
rein. Apart from anchoring blood dot filter 20. the teg 
portions of peripheral wires 28-38 independently form 
a blood clotf liter separate and apart from flattened fil- 
ter mesh 52. While leg assembly 51 is shown as being so 
formed by extensions of peripheral wires 28-38. it vinll 
be appredated that the wires forming such legs may 
be dstinctfrom peripheral wires 28-38, and may differ 
in number and thickness therefrom. Thus, blood clot 
filter 20 prov ides a dual ffl taring system capable of fO- 55 
tering blood dots greater than 5 millimeters in diame- 
ter. Moreover, as mentioned above, the leg portions 
of peripheral wires 28-38, In combination with filter 



mesh 52, provide a self-centering device nnaintaining 
blood dot filter 20 centered within the blood vessel, 
thereby avoiding problems associated with a tilted fil- 
ter. 

Central core wire 26 and peripheral wires 28-38 
may all be formed from stainless steel, a material 
which has been used extensively within the vascular 
system, and which is accepted by regulatory agen- 
cies and the medical community. Connectors 40 and 
42 may also be made of stainless steel. Alternatively, 
the central core wire, peripheral wires and connectors 
may be formed of titanium. It is believed that a 
peripheral wire thickness of 0.010 inch {0,254 mm)is 
thick enough to withstand the impact of a blood dot 
against blood dot filter 20, while being thin enough to 
be able to be deployed into the filter mesh 52 shown 
in Fig. 1 without requiring excessive mechanical 
force. Moreover, it is believed that a wire thickness of 
0.010 inch (0,254 mm) allows the filter mesh 52 to be 
yielding enough to accommodate a variety of caval 
sizes. 

Those skilled in the art will appreciate that blood 
ctot fOter 20 must initially be provided as a slender, 
small diameter assembly in order to be conveniently 
introduced within the blood vessel by a delivery 
catheter. The leg portions of peripheral wires 28-38 
may initially be compressed inwardly toward central 
core wire 26 prior to loading the device within a deli- 
very catheter, as shown in Fig. 4A. The lengths of the 
various legs may be varied to facilitate loading within 
the delivery catheter. The filter mesh 52 is initially 
maintained in a compact, elongated form by initially 
positioning slide connector 42 at a first position rela- 
tively remote from connector 40 as shown in Fig. 4A. 
In this initial position, the portions of peripheral wires 
28-38 extending between connector 40 and slide con- 
nector 42 lie generally along central core wire 26, as 
shown in Figs. 4A and 4B. Only after filter mesh 52 is 
positioned within the blood vessel at the desired loca- 
tion is filter mesh 52 deployed outwardly to take on its 
flattened, mesh configuration shown in Fig. 1. 

As shown in Figs. 1 and 4A, central core wire 26 
is longer than peripheral wires 28-38, and the second 
end of central core wire 26 opposite connector 40 
includes a retractor fitting, shown in Fig. 1 as a bent 
or hooked end 66. When filter mesh 52 is to be dep- 
loyed, central core wire 26 is retracted by pulling on 
retractor end 66, thereby causing first connector 40 
and slide connector 42 to approach one another, and 
causing the portions of peripheral wires 28-38 lying 
between connectors 40 and 42 to extend radially out- 
ward and flatten. Were retractor end 66 to be 
released, the force of blood vessel walls 22 and 24 
upon filter mesh 52, together with the inherent mem- 
ory characteristics of fine steel wire, would tend to 
force connectors 40 and 42 apart back to the initial 
position shown in Fig. 4B. Accordingly, blood dot fitter 
20 indudes a mechanism for locking slide connector 
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42 in the position shown in Fig. 1 after central core 
wire 26 has been retracted in order to maintain filter 
mesh 52 in the deployed, collapsed position. One 
manner in which this may be accomplished is by flat- 
tening or thickening the portion of central core wire 26 5 
adjacent nose connector 40 whereby second connec- 
tor 42' (see Fig. 1 7) forms a friction fit with central core 
wire 26 as connector 42' slides toward nose connec- 
tor 40. An alternate manner of locking slide connector 
42 proximate nose connector 40 is shown in Figs. 8A- io 
SC. In Fig. 8A« lock device 68 is shown as a cylindrical 
member extending around central core wire 26 be- 
tween second connector 42 and retractor end 68 (see 
Fig. 1) of central core wire 26. Lock device 68 includes 
a wedge-shaped interior bore of a diameter commen- is 
surate with the diameter of the central body of core 
wire 26. The wedge-shaped interior bore of lock 
device 68 opens toward nose connector 40. The 
diameter of core wire 26 is essentially uniform until 
reaching the vicinity of nose connector 40, at which 20 
point core wire 26 gradually tapers to an enlarged 
d iameter. Lock device 68 can freely slide along central 
core wire 26 toward nose connector 40 (see Fig. 1) 
until reaching the tapered portion of core wire 26, at 
which point further retraction of core wire 26 causes 25 
the same to become wedged within lock device 68, 
thereby opposing sliding nnotion in the opposite direc- 
tion. Prior to delivery of the blood dot filter, lock 
device 68 is positioned behind the feet 54-60 of leg 
assembly 51. thereby allowing the leg portions of 30 
peripheral wires 28 and 34 to lie generally alongside 
core wire 26 in a compact form. However, when cent- 
ral core wire 26 is being retracted, as shown in Fig. 8B, 
lock device 68 is simultaneously urged toward slide 
connector 42 and toward nose connector 40 by the 35 
distal end of a pusher catheter 70 to be described in 
greater detail below. Thus, lock device 68 also func- 
tions as spreader for biasing the leg portions of 
peripheral wires, such as 28 and 34, away from cent- 
ral core wire 26. In Fig. 8C. the distal end of the pusher 40 
catheter 70 is retracted. Lock device 68 thereafter 
opposes sliding motion of central core wire 26 relative 
to slide connector 42. thereby maintaining f9ter mesh 
52 (see Fig. 1) in its deployed position, whQe sinrul- 
taneously urging the leg portions of the peripheral 45 
wires 28-38 radially outward. 

Fig. 9 shows an alternate form of a lock device. 
Within Fig. 9, one-way washer 72 Includes a central 
region angled toward the leftmost side of Fig. 9. A 
central aperture 74 formed within the central region of so 
washer 72 receives central core wire 26. A series of 
radial slots, such as 76 and 78 divide the angled cent- 
ral region into a series of tabs. Consequently, one- 
way washer may easily be moved to the right along 
central core wire 26 within Fig. 9. However, attempts ss 
to thereafter move one-way washer 72 to the left 
cause the slotted tabs to dig in to central core wire 26 
and oppose further sliding movement. A lock device 



such as one-way washer 72 could be substituted for 
lock device 68 within Figs. 8A-8C and likewise pre- 
vent central core wire 26 from sliding through slide 
connector 42 after having been retracted. 

Figs. 17 and 18A-18C illustrate an alternate form 
of lock device for the blood dot filter 20 shown in Fig. 
1 . As stated above in regard to Fig. 1 7. slide connector 
42' is in the form of a tubular sleeve 46 which slidingly 
passes therethrough. Each of the six peripheral wires 
28-38 is secured to the outer surface of tubular sleeve 
46. as by welding. Referring to Figs. 18A-18C. 
peripheral wires 28 and 34 are shown as being 
attached to the outer surface of tubular sleeve 46. as 
by welding. A locking device, in the form of a wedge- 
shaped resilient member 71 is shown fixedly secured 
to central core wire 26. Wedge 71 is initially to the right 
of tubular sleeve 46 when the blood dot filter is in its 
compacted form prior to deployment. The narrowest 
portion of which 71 lies dosest to tubular sleeve 46, 
while the widest portion thereof is furthest from tubu- 
lar sleeve 46. The widest portion of wedge 71 has a 
diameter or width which exceeds the internal diame- 
ter of tubular sleeve 46. However, wedge 71 is made 
of a sufficiently deformable material as to allow 
wedge 71 to be pulled through tubular sleeve 46 upon 
retraction of central core wire 26. as shown in Fig. 
18B. Referring to Fig. 18C, central core wire 26 has 
been fully retracted, thereby bringing nose connector 
40 of blood dot filter 20 Into proximity with tubular 
sleeve 46 for deploying the filter mesh 52. As shown 
in Fig. 18C. wedge 71 now lies to the left of tubular 
sleeve 46. and because the widest portion of wedge 
7 1 is wider, or of greater diameter, than tubular sleeve 
46. central core wire 26 is prevented from sliding back 
to the right Accordingly, the filter mesh 52 is locked 
in its deployed position. 

Fig. 7 illustrates an alternate form of the blood 
dot filter shown in Fig. 1. The blood dot filter of Fig. 
7 is de.<»ignated generally by reference nunrterai 20'. 
and like blood dot filter 20 of Fig. 1. includes a nose 
connector 40', a slide connector 42', a central core 
wire 26', and a number of peripheral wires connected 
between nose connector 40' and slide connector 42' 
to form a filter mesh 52'. The principal differences be- 
tween blood dot filter 20' of Fig. 7 and blood dot filter 
20 of Fig. 1 relate to the formation of the leg assembly 
51'. Whereas the leg portions shown in Fig. 1 are rela- 
tively straight and of uniform length, the leg portions 
shown in Fig. 7 are both curved or bowed outwardly 
and are of differing lengths. 

The manner of delivering blood dot filter 20 of 
Fig. 1 using a transfemoral approach will now be des- 
cribed with reference to Figs. 4A-4F wherein a novel 
filter delivery apparatus is shown. Fig. 4 A shows 
blood dot filter 20 in a compacted position received 
within the distal end 74 of a delivery catheter 70. Slide 
connector 42 of blood dot filter 20 is remote from nose 
connector 40 to elongate fitter mesh 52, and the 
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hooked end of the leg portions of peripheral wires 28- 
38 are compressed against the interior wall 76 of deli- 
very catheter 70. Not shown in Fig. 4A is the proximal 
end of delivery catheter 70 which lias opposite distal 
end 74 thereof. Inserted through the proximal end of 5 
delivery catheter 70 is a senni-rigid pusher catheter 
80. the distal end 78 of which is visible in Rg. 4A. Not 
shown within Rg. 4A is the proximal end of pusher 
catheter 78 which extends from the proximal end of 
delivery catheter 70. Pusher catheter 80 is slidingly io 
received within delivery catheter 70, and the distal 
end 76 of pusher catheter 80 is adapted to abut 
hooked end portions 54-64 of peripheral wires 28-38. 

Still referring to Fig. 4A, central core wire 26 is 
shown extending within the central bore 82 of pusher is 
catheter 80 and is releasably coupled to a retractor 
cable 84 by a releasable coupling mechanism 86. Ret- 
ractor cable 84 slidingly extends through bore 82 of 
pusher catheter 80. Not shown in Fig. 4A is the 
proximal end of retractor cable 84 which extends out- 20 
wardly from the proximal end of pusher cable 80 so 
that it may be retracted and otherwise nnanipulated by 
a physician. Releasable coupling mechanism 86 is 
required since retractor cable 84 must be disengaged 
from central core wire 26 of blood clot filter 20 once 25 
the blood dot filter has been properly positioned and 
deployed. 

Referring briefly to Figs. 5A and 5B. releasable 
coupling mechanism 86 is shown as a cylindrical nub 
88 secured to the end of central core wire 26, together 30 
with a slotted, cylindrical catch 90 secured to the dtetal 
end of retractor cable 84. Catch 90 has a diameter 
commensurate with the diameter of the interfor bore 
82 of pusher catheter 60. Catch 90 includes a lateral 
slot 92 having a depth and width commensurate with 35 
nub 88 for allowing nub 88 to be releasably captured 
therein. In addition, a radial slot 94 extends through 
the front face 96 of catch 90 and extending to lateral 
slot 92 for permitting central core wire 26 to extend 
through the front face 96 of catch 90. It should be 40 
appreciated that when nub 88 rests within catch 90. 
and when catch 90 lies within pusher catheter 80. 
central core wire 26 and retractor cable 84 are effec- 
tively secured together. However, when it is desired to 
disengage retractor cable 84 from central core wire 45 
26, the user need only retract pusher catheter 80 and 
delivery catheter 70 for allowing catch 90 to disen- 
gage nub 88. 

An alternate releasable coupling mechanism 86' 
is shown in Figs. 6A and 6B. Within Fig. 6A, central so 
core wire 26 may terminate in a looped connector 98 
preferably having a width commensurate with the 
internal diameter of bore 82 of pusher catheter 80. 
The distal end of retractor cable 84 includes a hooked 
end 100. also having lateral dimensions commensu- 55 
rate with the internal diameter of bore 82 of pusher ' 
catheter 80. Prior to delivery of the blood clot filter, 
hook 100 is inserted within looped connector 98, 



which remain engaged with one another so long as 
they lie within bore 82 of pusher catheter 80. After the 
filter mesh of the blood clot filter has been deployed 
by retracting centra! core wire 26. both pusher cathe- 
ter 80 and delivery catheter 70 can be retracted for 
permitting hooked end 1 00 of retractor cable 84 to dis- 
engage looped connector 98 of central core wire 26. 

Referring again to Rg. 4A, blood dot filter 20 is 
shown as being contained fiilly within distal end 74 of 
delivery catheter 70. Delivery catheter 70 may be, for 
example, a 10 or 12 French Teflon (Trademark) 
catheter, and may be introduced into the blood vessel 
using the standard Selldinger angiographic tech- 
nique. To position a flexible catheter within a blood 
vessel using the so-called Selldinger technique, a 
needle is first inserted into the blood vessel, a guide 
wire is then threaded through the needle, and the nee- 
dle is then withdrawn leaving the guide wire in place. 
Delivery catheter 70 fe an open-ended catheter, and 
a tapered, snug-fitUng angiographic catheter (not 
shown) may be inserted within delivery catheter 70 to 
facBitate the passage of delivery catheter 70 through 
the blood vessel. Delivery catheter 70 and the tap- 
ered angiographic catheter therein are then inserted 
into the biood vessel over the guide wire. Delivery 
catheter 70 may be advanced through the blood ves- 
sel until distal end 74 is approximately at the position 
at which the blood clot filter 20 is to be delivered. Fol- 
lowing placement of delivery catheter 70 within the 
blood vessel, the inner tapered angiographic catheter 
and guide wire are withdrawn. 

Fig. 19 illustrates a filter storage tube into which 
blood dot filter 20 may be preloaded for being adv- 
anced into delivery catheter 70 after delivery catheter 
70 has been placed within the blood vessel. Within 
Fig. 19. delivery catheter 70 indudes a female luer 
lock connector 300 at its proximal end. The filter stor- 
age tube is designated generally by reference num- 
eral 302 and indudes a short section of tubing 304 
having approximately the same internal diameter as 
delivery catheter 70. Shown within f Oter storage tube 
304 is blood clot filter 20, A first end of filter storage 
tube 302 indudes a male luer lock connector 306 
adapted to screw onto female connector 300. The 
opposite end of filter storage tube 304 is integrally 
joined with a molded fitting 308 which indudes a 
deformable elastomeric seal 310, as well as an infu- 
sion port 312. The distal end of pusher catheter 80 
extends into filter storage tube 302 through deform- 
able seal 310. and retractor cable 84 extends within 
pusher catheter 80 and is coupled to core wire 26 by 
releasable coupling mechanism 86. Once delivery 
catheter 70 has been advanced into the blood vessel 
so that its distal end is at the appropriate delivery site, 
an infusion line is connected to infusion port 312, and 
male luer connector 306 is then coupled to female luer 
connector 300. Pusher catheter 80 and retractor 
cable 84 are then advanced as a unit to push blood 
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clot filter 20 out of filter storage tube 302 and into deli- 
very catheter 70. Pusher catheter 80 and retractor 
cable 84 are further advanced until blood dot filter 20 
has been pushed to the distal end of delivery catheter 
70. The rennalning steps for delivering blood dot filter 5 
20 within the blood vessel are described below. 

The next step in deploying blood dot filter 20 is 
to partially retract delivery catheter 70 while leaving 
semi-rigid pusher catheter 80 fixed, until the distal 
end 74 of delivery catheter 70 has been retracted to io 
approximately the location of slide connector 42. The 
natural springiness of the peripheral wires 28-34 of 
the filter mesh 52 causes each of the peripheral wires 
to move somewhat further apart firom central core 
wire 26 as compared with their compacted configu- is 
rations as shown in Fig. 4A. Turning to Fig. 4C, the 
next step in deploying filter mesh 52 is to maintain the 
positions of delivery catheter 70 and pusher catheter 
80 fixed, with the hooked feet 54-60 of blood dot filter 
20 abutting distal end 78 of pusher catheter 80. The 20 
proximal end (not shown) of retractor cable 84 is then 
slowly retracted by the operator. As retractor cable 84 
is retracted, releasable coupling mechanism 86 
causes central core wire 26 to be pulled to the left 
(relative to Fig. 4C), as indicated by the arrow desig- 25 
nated by reference numeral 104. While central core 
wire 26 slidably extends through slide connector 42, 
central core wire 26 is r^ idly attached to nose connec- 
tor 40. Accordingly, as central core wire 26 is retrac- 
ted, nose connector 40 also moves to the left, as 30 
indicated by the arrow designated by reference nunrv 
eral 106. As nose connector 40 is brought closer to 
slide connector 42, the peripheral wires making up ffl- 
ter nr^sh 52 are each forced radially outward toward 
the inner walls 108 and 110 of the blood vessel. Con- 35. 
tinued retraction of retractor cable 84 and central core 
wire 26, as shown in Fig. 4D, causes filter mesh 52 to 
become fully deployed, with nose connector 40 being 
positk}ned relatively proximate to slide connector 42. 
As shown in Fig. 4D, the outermost porttons of filter 40 
mesh 52 become engaged with interior walls 108 and 
1 1 0 of the blood vessel upon filter mesh 52 becoming 
fully deployed. As explained above, slide connector 
42 has associated therewith a lock devtoe which pre- 
vents central core wire 26 from later sliding to the right 45 
(relative to Fig. 40) through slide connector 42, and 
nose connector 40 is thereby maintained dosely 
proximate to slide connector 42. 

The next step in deploying blood dot filter 20 is 
to further retract delivery catheter 70. as shown in Fig. so 
4E, to expose the leg portions thereof and allow the 
same to spring outward for allowing the hooked ends 
thereof to engage internal walls 108 and 110 of the 
blood vessel as shown in Fig. 4E. The leg assembly 
5 1 of blood dot f Oter 20 f ornrts a filter in addition to fO- 55 
ter mesh 52. Moreover, because blood dot filter 20 
engages the internal walls 108 and 110 of the blood 
vessel both along the periphery of filter mesh 52 and 



the hooked ends of the leg portions, blood dot filter 
20 Is positioned centrally along the longitudinal axis of 
the blood vessel. 

The last step in the delivery of blood clot filter 20 
is shown in Fig. 4F wherein both delivery catheter 70 
and pusher catheter 80 are reb-acted, leaving only ret- 
ractor cable 84 in the sarne position shown as in Fig. 
4E Retraction of both delivery catheter 70 and 
pusher catheter 80 releases coupling mechanism 85 
from internal bore 82 of pusher catheter 80 and per- 
mits coupling mechanism 86 to be released from nub 
88 of cenbal of core wire 26. Retractor cable 84 is then 
retracted back within internal bore 82 of pusher cathe- 
ter 80, and the delivery system is then fully removed, 
leaving blood clot filter 20 properly positioned within 
the blood vessel at the desired location. 

Figs. 1 0A-IOC illustrate an alternate embodiment 
of the present invention induding a blood dot filter 
120 designed for jugular delivery. As shown in Fig. 
10A, blood dot filter 120 includes a central core wire 
126 having a firet end rigklly attached to a first con- 
nector 140. Central core wire 126 extends along the 
central longitudinal axis of blood dot filter 120 and 
passes through the central bore of a sikie connector 
142. Aone-way lock washer 1 72, similar to that shown 
in Fig. 9, has a central bore through which core wire 
126 extends. Washer 172 is adapted to permit core 
wire 126 to sIkJe therethrough to the right (relative to 
Fig. 10A). but to resist sliding movement of central 
core wire 1 26 to the left. A plural ity of peripheral wires, 
induding those peripheral wires 128. 130, 132. and 
134 visible in 10A each have a first end attached to 
slide connector 142, and are each attached to con- 
nector 140. Peripheral wires 128-134 are shown in 
Fig. 10A in their compaded position loaded within a 
jugular delivery catheter 170. Each of the peripheral 
wires 128-134 extends generally along and parallel to 
central core wire 126, as shown in Fig. 10A. 

Also extending to the left of connector 1 40 is a leg 
assembly 141 consisting of, for example, sbc wire 
legs, induding those visible in Fig. 10A and desig- 
nated by reference numerals 129, 131, 133, and 135. 
Each of such legs 129-135 has a first end secured to 
connector 140 and a second end opposite thereto for- 
med into hooked feet 154, 156, 158. and 160. respect- 
ively, for engaging the walls of a blood vessel into 
which blood dot filter 1 20 is to be positioned. As men- 
tioned above, leg portwns 129-135 may simply be 
continuations of the respective peripheral wires 128- 
134 whbh make up the filter n^h 152. 

To deliver blood dot filter 120 using the jugular 
delivery technique, delivery catheter 170 is intro- 
duced into the blood vessel and advanced through the 
blood vessel untD the distal end 174 of delivery cathe- 
ter 170 is located at approximately the position at 
which blood dot filter 1 20 is to be delivered. Blood dot 
filter 120 is positioned within the dbtal end of delivery 
catheter 170, as shown in Fig. 10A. either by pushing 
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blood dot filter 120 along the length of delivery cathe- 
ter 170 from the proximal end thereof, or by preloading 
blood dot filter 120 within the distal end of delivery 
catheter 170, in the manner described below. Within 
Fig. 10A, semi-rigid pusher catheter 180 is shown 5 
extending within the internal bore 176 of delivery 
catheter 170. Though not shown, the proximal end of 
pusher catheter 180 extends fully through the 
proximal end of delivery catheter 170 so that it may 
be manipulated by a physician. Pusher catheter 180 w 
has a diameter commensurate with that of one-way 
washer 172, and the distal end of pusher catheter 180 
is adapted to abut and push against washer 172. 
Central core wire 1 26 extends within internal bore 1 82 
of pusher catheter 180 and is releasably connected is 
with releasable coupling mechanism 186. The distal 
end of retractor cable 184 is also coupled to releas- 
able coupling mechanism 186. Retractor cable 184 
extends fully through the internal bore 182 of pusher 
catheter 180 and protrudes from the proximal end 20 
thereof for allowing the physician to retract retractor 
cable 184. 

During delivery of blood clot fater 120, delivery 
catheter 170 is retracted to the right, initially permit- 
ting legs 129-135 of leg assembly 151 to spring out- 25 
ward, with the hooked ends 154-160 thereof engaging 
the internal walls 208 and 210 of the blood vessel. 
Further retraction of delivery catheter 1 70 permits the 
peripheral wires 128-134 of fater mesh 152 to bow 
outwardly, as shown in Fig. 10B. 30 

The next step in deploying blood dot filter 120 is 
to adva nee pusher catheter 1 80 to the left, while fixing 
the position of retractor cable 1 84. It is Important to fix 
the position of retractor cable 1 84 to maintain connec- 
tor 1 40 in a fixed position relative to the blood vessel. 35 
and thereby avoid movement of hooked ends 154- 
160. as such longitudinal movement could cause 
trauma to the walls 208 and 210 of the blood vessel. 
As pusher catheter 180 is advanced to the left, it adv- 
ances washer 172 to the left along central core wire 40 
126. As washer 172 advances to the left, it moves 
slide connector 142 into proximity with connector 140, 
thereby causing peripheral wires 128-134 to become 
radially extended to form filter mesh 1 52, as shown in 
Fig. IOC. Whan pusher catheter 180 Is fully advanced 45 
to the left, the outermost portions of filter mesh 152 
engage the walls 208 and 210 of the blood vessel. 
Pusher catheter 180 is then retracted; as pusher 
catheter 180 is retracted, washer 172 becomes 
locked against central core wire 126 and thereby so 
maintains filter mesh 152 within the deployed position 
shown in Fig. IOC. Both pusher catheter 180 and deli- 
very catheter 170 are retracted to the right (relative to 
Fig. 10C) for exposing releasable coupling mechan- 
ism 186. thereby allowing central core 126 to be dis- 55 
engaged from retractor cable 184, as was described 
above in regard to Fig. 4F. Retractor cable 184, 
pusher catheter 180, and delh^ery catheter 170 may 



then be fully retracted, leaving blood dot filter 152 in 
the desired location. 

As explained above with respect to Fig. 19. blood 
clot filter 20 can be loaded into the proximal end of 
delivery catheter 70 using a filter storage tube that 
couples to the proximal end of delivery catheter 70. 
However, blood dot filter 20 must then be pushed 
along the delivery catheter to the distal end thereof; 
during this procedure, the hooked ends of the blood 
clot filter legs scrape against the inner wall of the deli- 
very catheter and could dislodge partides therefrom. 
In order to avoid the need to push the blood dot filter 
along the entire length of the delivery catheter, the 
alternate form of filter delivery system shown in Fig. 
11 may be used. 

Within Fig. 11. blood dot filter 20 is of the same 
type shown in Fig. 1, and delivery catheter 270 is of 
essentially the same type as delivery catheter 70 of 
Fig. 4A. Similarly, pusher catheter 280 and retractor 
cable 284 correspond to the pusher catheter 80 and 
retractor cable 84 shown in Fig. 4A. However, as 
shown in Fig. 11, delivery catheter 270 is inserted 
through an outer catheter 275 which has a distal end 
277 and a proximal end 279. The distal end 277 of 
outer catheter 275 is percutaneously introduced into 
a blood vessel using the aforementioned Selldinger 
technique prior to insertion of delivery catheter 270 
therein. After outer catheter 275 is introduced within 
the blood vessel, delivery catheter 270 is inserted into 
outer catheter 275 from the proximal end 279 thereof. 
The proximal end 279 of outer catheter 275 indudes 
a deformable elastomeric seal 281 which permits 
delivery catheter 270 to be slidingly received thereby 
while forming a fluid tight seal therearound. The 
proximal end 279 of outer catheter 275 also indudes 
an Infusion port A extending perpendicularly to the 
longitudinal axis of outer catheter 275 for permitting 
saline solution to be infused therein, thereby prevent- 
ing the patient's blood from filling the internal bore of 
outer catheter 275 and forming blood dots. Similarly, 
the proximal end 283 of delivery catheter 270 
includes a deformable elastomeric seal 285 for slid- 
ingly receiving the distal end of pusher catheter 280 
and forming a fluid tight seal therearound. The 
proxinnal end 283 of delivery catheter 270 also 
includes an infusion port B into which saline solution 
may be infused to prevent the patient's blood from col- 
lecting within the internal bore of delivery catheter 
270 and forming blood dots. 

Similarly, pusher catheter 282 has a proximal end 
287 provided with a deformable elastomeric seal 289 
which slidingly receives the retractor cable 284 and 
forms a f luki tight seal therearound. The proximal end 
287 of pusher catheter 280 also indudes an infusion 
port C for infusbn of saline solution to prevent the 
patient's blood from collecting within the internal bore 
of pusher catheter 280 and forming blood dots. The 
proximal end of retractor cable 284 may indude a 



10 



19 



EP 0 350 043 B1 



20 



downwardly turned handle D for convenient operation 
of retractor cable 264. 

The delivery system shown in Fig. 11 permits 
blood dot filter 20 to be preloaded into the distal end 
of delivery catheter 270 before delivery catheter 270 s 
is inserted into outer catheter 275. This is avoids the 
need to insert blood dot filter 20 into delivery catheter 
270 from the proximal end thereof. As shown in Fig. 
11, a removable stop 291 may be releasably coupled, 
as by a dip (not shown) to pusher catheter 280 for io 
defining a fixed space or distance between infusion 
port C and the leftmost end of stop 291. The import- 
ance of the fixed space created by stop 291 exp- 
lained in greater detail below in conjunction with Figs. 
12-15. 15 

Figs. 12-15 illustrate, in schematic form, the 
series of steps followed in using the delivery system 
in Fig. 11, As shown in Fig. 12, blood dot filter 20 is 
initially disposed in its compacted position, simSar to 
that shown in Fig. 11. In Fig. 13, both outer catheter 20 
275 and delivery catheter 270 are retracted until infu- 
sion port B abuts the leftmost end of stop 291. Simi- 
larly, outer catheter 275 is retracted until the proximal 
end 279 thereof abuts infusion port B of delivery 
catheter 270. Stop 291 is of a suff ident length to per- 25 
mit delivery catheter 270 and outer catheter 275 to be 
withdrawn to the extent that the peripheral wires form- 
ing the filter mesh are no longer encased by delivery 
catheter 270, whQe the leg assembly 51 of blood clot 
filter 20 remains encased by delivery catheter 270. As 30 
shown in Fig. 13, retractor cable 284 is then retracted 
while holding the proximal end 287 of pusher catheter 
280 fbced. thereby deploying filter mesh 52 of blood 
clot fQter 20. The next step involves removing stop 
291 and thereafter retracting both delivery catheter 35 
270 and outer catheter 275 until the proximal end 283 
of delivery catheter 270 abuts infusion port C. and 
similarly, the proximal end 279 of outer catheter 275 
abuts infusion port B, as shown in Fig. 14. This oper- 
ation further retracts both the distal ends of delivery 40 
catheter 270 and outer catheter 275, thereby permit- 
ting leg assembly 51 of blood dot filter 20 to spring 
outwardly and engage the walls of the blood vessel. 
Referring to Fig. 15. the next step of the operation is 
to retract pusher catheter 280, as well as delivery 45 
catheter 270 and outer catheter 275, in order to permit 
the distal end of retractor cable 284 to be released 
from the central core wire of blood dot filter 20, as is 
indicated within Fig. 15. With blood dot filter 20 then 
properly positioned, the entire delivery system is fully so 
retracted out of the blood vessel. 

Fig. 20 illustrates a wire shaping jig which may be 
used for pre-shaping each of the peripheral wires 28- 
38 shown in Figs. 1-3. As shown in Fig. 20. the wire 
shaping jig indudes three drcular pegs 320. 322, and 55 
324. Pegs 320 and 322 are spaced apart from one 
another by approximately the distance between sec- 
ond connector 42 and hooked end 54 shown in Fig. 



1. Pegs 322 and 324 are spaced apart from another 
by approximately the d^tance shown between nose 
connector 40 and slide connector 42 shown in Fig. 48. 
The wire shaping jig also indudes a form 326 having 
a semicircular curved surface 328 adapted to adv- 
ance between pegs 322 and 324. As shown in Fig. 20. 
peripheral wire 28 is placed against pegs 320. 322 
and 324. Form 326 is then advanced against 
peripheral wire 28 and causing the same to be pushed 
through the space between pegs 322 and 324. Form 
326 is further advanced until the curved surface 328 
thereof is dosely proximate pegs 322 and 324. The 
ends of peripheral wire 28 are then bent around pegs 
320 and 324. The portion extending beyond peg 320 
is later dipped to form the hooked end 54 of the 
anchoring leg. Similarly, the portion extending 
beyond peg 324 is later dipped and attached to nose 
connector 40 of blood dot f Oter 20. 

Fig. 21 illustrates an assembly Jig which may be 
used to support the central core wire 26 centrally of 
the plurality of peripheral wires to facilitate the con- 
nection of the peripheral wires about the central core 
wire. As shown in Fig. 21 , the mounting jig 330 is gen- 
erally cone shaped and Indudes a central bore 332 
through which central core wire 26 extends. A set of 
three screws 334. 336 and 338 threadedly engage the 
cone shaped mounted jig. The slotted heads of 
screws 334, 336 and 338 may be slightly loosened for 
allowing the peripheral wire 28 to extend under such 
slotted heads. Screws 334. 336 and 338 are then 
tightened to hold peripheral wire 28 in place, with the 
central bend thereof which was formed about peg 322 
(see Fig. 20) positioned at the tip of the cone shaped 
jig 330. Similarly, other sets of mounting screws, such 
as 340. 342 and 344 are also provided for releasably 
supporting the other peripheral wires, such as 
peripheral wire 34. With all sbc wires secured to 
mounting jig 330 and spaced equiangularly about 
central core wire 26, it is relatively easy to weld or dip 
together the upper ends of the peripheral wires 28-38 
with the upper end of central core v^re 26, as within 
nose connector 40 (see Fig. 1). It is also then rela- 
tively easy to join together the peripheral wires at the 
upper tip of the cone-shaped jig 330, as with a slide 
connector 42 (see Fig. 1), As menttoned above, it may 
be desirable to rotate the nose connector through an 
angleof 90°-120°, and perhaps to impart a heat treat- 
ment to the wires in order to pre-shape the filter mesh 
so that it will flatten when the central core wire is ret- 
racted. The aforementioned rotation of the nose con- 
nector may easily be performed before the central 
core wire 26 and peripheral wires 28-38 are removed 
from assembly jig 330. The extra wire lengths extend- 
ing below screws 336 and 342 may thereafter be clip- 
ped and the ends shaped to provkle hooked ends on 
the ends of the anchoring legs. 

While the present invention has been described 
in accordance with a preferred embodiment thereof, 
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the description is for Olustrative purposes only and 
should not be construed as limiting the scope of the 
invention. Various changes and nrtodtf ications nnay be 
made by those skilled in the art without departing from 
the scope of the invention as defined by the appended 
claims. 



Claims 

1. A blood dot filter comprising in combination: 

a. a core wire extending along a central longitu- 
dinal axis of said blood dot filter; 

b. a plurality of peripheral wires extending gener- 
ally about and spaced around said core wire; 

c. first connector means for connecting together 
said plurality of peripheral wires at a first connec- 
tion point, said core wire lying within said plurality 
of peripheral wires at said first connection point, 
said first connector means fixedly securing said 
plurality of peripheral wires to said core wire lying 
therein; 

d. second connector means for connecting 
together said plurality of peripheral wires at a sec- 
ond connection point spaced apart from said first 
connection point, said core wire lying within said 
plurality of peripheral wires at said second con- 
nection point, said second connection means 
slidingly securing said plurality of peripheral wires 
about said core wire lying therein; 

e. locking means permitting said second connec- 
tor means to slide along said core wire in a first 
direction toward said first connector means from 
a first remote position to a second proximate posi- 
tion, said locking means preventing said second 
connector means from sliding along said core 
wire in a direction opposite to said first direction 
from said second proximate position back to said 
first remote position; and 

f. said plurality of peripheral wires each induding 
a wire portion extending between said first and 
second connector means and lying generally 
along said core wire when said second connector 
means is in said first remote position, said wire 
portions moving radially away from said core wire 
to a deployed position for forming a generally flat- 
tened filter mesh as said second connector 
means advances to said second proximate posi- 
tion. 

2. TTie blood dot fitter recited by Claim 1 wherein 
each of said plurality of peripheral wires indudes a leg 
portion extending from one of said first and second 
connector means in a direction generally opposite to 
the other of said first and second connector means, 
each of said leg portions being biased away from the 
central longitudinal axis of said blood clot filter, each 
of said leg portions having a foot at an end thereof for 
engaging an interior wall of a bloodvessel to maintain 



said blood dot f Oter at a desired location within said 
blood vessel, and to maintain sakl blood dotfilter cen- 
tered within said blood vessel. 

3. The blood dot f flter recited by Claim 2 induding 
5 spreader means disposed between said leg portions 

and said core wire for biasing said leg portions away 
from the central longitudinal axis of said blood dot fil- 
ter. 

4. The Wood dot filter recited by Claim 1 further 
10 induding a plurality of legs spaced about said core 

wire, each of said legs having a first end coupled to 
one of said first and second connector means and a 
second end opposite the first end, the second end of 
each of said plurality of legs having a foot for engaging 
15 an interior wail of a blood vessel to maintain said 
blood dot filter at a desired location within said blood 
vessel, and to maintain said blood clot filter centered 
within said blood vessel. 

5. The blood dot f Oter recited by Claim 4 induding 
20 spreader means disposed between said plurality of 

legs and said core wire for biasing said leg portions 
away from the central longitudinal axis of said blood 
clot filter 

6. The blood clot filter redted by Claim 1 wherein 
25 said second connector means comprises a sleeve 

through which said core wire extends, said sleeve 
having an exterior circular wall, and each of said 
plurality of peripheral wires being connected to said 
exterior circular wall. 

30 7. The blood clot filter redted by Claim 1 wherein 

said second connector means comprises a collar hav- 
ing a central opening, each of said plurality of 
peripheral wires extending through the central open- 
ing of said collar and being secured to said collar. 

35 8. The blood dot filter recited by Claim 1 wherein: 

a. said core wire extends between first and sec- 
ond opposing ends; 

b. said first connector means joining said plurality 
of peripheral wires together and fixedly securing 

40 the first end of said core wire thereto; and 

c. a plurality of legs extend from said second con- 
nector means generally toward the second end of 
said core wire and spaced about said core wire, 
each of said legs having a first end coupled to 

45 said second connector means and a second end 
opposite the first end, the second end of each of 
said plurality of legs having a foot for engaging an 
interior wall of a blood vessel to nr^intain said 
blood dot filter at a desired location within said 
so blood vessel, and to maintain said blood clot filter 

centered within said blood vessel. 
9. The blood clot filter redted by Claim 8 wherein 
the second end of said core wire extends t>eyond the 
second ends of said plurality of legs and terminates 
55 in a retractor fitting for releasably engaging a retractor 
to pull said first connector means toward said second 
connector means as said core wire slides through 
said second connector nrteans. 
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10. The blood dot filter recited by Claim 1 whe- 
rein: 

a. said core wire extends between first and sec- 
ond opposing ends; 

b. said first connector means joining said plurality s 
of peripheral wires together and f bcedly securing 

the same to the first end of said core wire; and 

c. a plurality of legs extend from said first connec- 
tor means generally away from the second end of 
said core wire and spaced about said core wire. io 
each of said legs having a first end coupled to 

said first connector means and a second end 
opposite the first end, the second end of each of 
said plurality of legs having a foot for engaging an 
interior wall of a blood vessel to maintain said is 
blood dot filter at a desired location within said 
blood vessel, and to maintain said blood dot fitter 
centered within said blood vessel. 

1 1 . The blood dot filter recited by Claim 8 wherein 

the wire portion extending between said first and sec- 20 
ond connector nrteans for each of said plurality of 
peripheral wires is of a predetermined length, and 
wherein said core wire is of a length greater than said 
predetermined length, the second end of said core 
wire terminating in a retractor fitting for releasably 25 
engaging a retractor to maintain said first connector 
means fixed while said second connector means is 
advanced toward said first connector means by slid- 
ing said second connector means along said core 
wire. 30 

12. The blood dot filter recited by Claim 1 wherein 
said plurality of peripheral wires indudes at least sbc 
peripheral wires spaced substantially equiangularly 
about said core wire. 

13. The blood dot filter recited by Qaim 1 wherein 35 
said core wire and said plurality of peripheral wires are 
made of stainless steel. 

14. The blood dot filter recited by Claim 1 wherein 
said core wire and said plurality of peripheral wires are 
made of titanium. 40 

15. The blood dot fitter recited by Claim 1 wherein 
the thicknesses of sard peripheral wires forming said 
filter mesh are each approxinnately 0.010 inch (0.254 
mm). 

16. The blood dot fitter recited by Claim 1 wherein 45 
the flattened fOter mesh formed by said plurality of 
peripheral wires extends generally perpendicular to 

the central longitudinal axis of said blood clot filter. 

17. In combination, a blood dot filter and a filter 
delivery apparatus, wherein: so 

a. said blood dot filter comprises in combination: 
i. a core wire extending along a central longitu- 
dinal axis of said blood dot filter and induding 
first and second opposing ends; 
iL a plurality of peripheral wires extending 55 
generally about and spaced around said core 
wire; 

lii. a first connector for connecting together 



said plurality of peripheral wires at a first con- 
nection point, said core wire lying within said 
plurality of peripheral wires at said first con- 
nection point and fbcedly securing said 
plurality of peripheral wires to the first end of 
said core wire; 

iv. a second connector for connecting together 
said plurality of peripheral wires at a second 
connection point spaced apart from said first 
connection point and slidingly securing said 
plurality of peripheral wires about said core 
wire tying therein; 

V. locking means permitting said second con- 
nedor to slide along said core wire from a first 
remote position to a second proximate posi- 
tion, said locking means preventing said sec- 
ond connector from sliding along said core 
wire from said second proximate position back 
to said first remote position; and 
vi. said plurality of peripheral wires each 
induding a wire portion extending between 
the first and second connectors and tying gen- 
erally along said core wire when said second 
connector is in said first remote position, said 
wire portions moving radially away from said 
core wire to a deployed position for forming a 
generally flattened filter mesh as said second 
connector advances to its second proximate 
position; 

b. said filter delivery apparatus comprises in 
combination: 

i. a delivery catheter having a distal end for 
percutaneous introduction into a blood vessel 
and having a proximal end opposite the distal 
end thereof, the distal end of said delivery 
catheter being adapted to receive said blood 
dot filter for positioning the same at a desired 
location In a blood vessel; 

ii. a pusher catheter slidingly received within 
said delivery catheter and having a distal end 
proximate the distal end of said delivery 
catheter, said pusher catheter having a 
proximal end extending from the proximal end 
of said delivery catheter, the distal end of said 
pusher catheter abutting said blood dot filter 
for advancing the same out of the distal end of 
said delivery catheter; and 

lit. a retractor cable slidingly extending 
through said pusher catheter, said retractor 
cable having a proximal end extending out- 
wardly from the proximal end of said pusher 
catheter and having a distal end releasably 
coupled to the second end of said core wire of 
said blood dot filter for retracting said core 
wire after said blood dot filter is at least par- 
tially advanced from the distal end of said deli- 
very catheter whOe said pusher catheter 
remains in abutting relationship with said 
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blood dot fflter for causing said plurality of 
peripheral wires to form said filter mesh. 

16. The combination recited in Claim 17 wherein 
said filter delivery apparatus further includes an outer 
catheter having a distal end for percutaneous intro- 
duction into a blood vessel and having a proximal end 
opposite to the distal end thereof, said outer catheter 
slidingly receiving said delivery catheter for allowing 
said blood dot filter to be delivered thereby, said outer 
catheter induding an entrance port at the proximal 
end thereof, said entrance port induding a deform- 
able seal for sealing the proximal end of said outer 
catheter while permitting the distal end of said deliv- 
ery catheter to be removably inserted therethrough. 

19. The combination recited in Claim 17 wherein 
each of said plurality of peripheral wires indudes a leg 
portion extending from one of said first and second 
connectors in a direction generally opposite to the 
other of said first and second connectors, each of said 
leg portions being biased away from the central lon- 
gitudinal axis of said blood dot f Qter, each of said leg 
portions having a foot at an end thereof for engaging 
an interior wall of a blood vessel to maintain said blood 
clotf ilter at a desired location within said blood vessel. 



Patentanspruche 

1. Blutgerinnsel-Filter. das in Kombination auf- 
weist: 

a. einen sich entlang airier Langsmittetachse des 
Blutgerinnsel-Filters erstreckenden Kerndraht, 

b. eine Mehrzahl von peripheren Drahten, die 
sich im wesentlichen um den Kerndraht erstrek- 
ken und um diesen herum beabstandet sind, 

c. eine erste Verbindungseinrichtung zum gegen- 
seitigen Verbinden der Mehrzahl von peripheren 
Drahten bei einem ersten Verbindungspunkt, wo- 
bei der Kerndraht innerhalb der Mehrzahl von pe- 
ripheren Drahten beim ersten Verbindungspunkt 
liegt und wobei die erste Verbindungseinrichtung 
die Mehrzahl von peripheren Drahten fest an dem 
inneniiegenden Kerndraht festlegt, 

d. eine zweite Verbindungseinrichtung zum gegen- 
seit^en Verbinden der Mehrzahl von peripheren 
DrShten an einem vom ersten Verbindungspunkt 
beabstandeten zweiten Verbindungspunkt, wo- 
bei der Kerndraht innerhalb der Mehrzahl von pe- 
ripheren Drahten beim zweiten Verbindungspunkt 
liegt und wobei die zweite Verbindungseinrich- 
tung die Mehrzahl von peripheren Drahten um 
den inneniiegenden Kerndraht herum gleitend 
befestigt, 

e. eine Sperreinrichtung, die das Gleiten der 
zweiten Verbindungseinrichtung entlang des 
Kerndrahts in einer ersten Richtung zur ersten 

\ Verbindungseinrichtung von einer ersten entfern- 
ten Position zu einer zweiten nahen Position er- 



moglicht, wahrend sie die zweite Verbindungsein- 
richtung am Gleiten entlang des Kerndrahts in einer 
Richtung entgegengesetzt zur ersten Richtung 
von der zweiten nahen Position zuruck zur ersten 

5 entfernten Position verhindert, und 

f. wobei jeder der Mehrzahl der peripheren DrShte 
einen Drahtabschnitt aufweist, der sich zwischen 
der ersten und der zweiten Verbindungseinrichtung 
erstreckt und im wesentlichen entlang des Kern- 

10 drahts liegt, wenn sich die zweite Verbindungs- 

einrichtung in der ersten entfernten Position 
bef indet, wahrend sich die Drahtabschnitte radial 
vom Kerndraht zu einer entfalteten Position zum 
Bilden eines abgeflachten Ffltersiebs wegbewe- 

15 gen, wShrend die zweite Verbindungseinrichtung 

sich zur zweiten nahen Position vorwartsbewegt. 

2. Blutgerinnsel-Fllter nach Anspruch 1, bei dem 
jeder der Mehrzahl von peripheren Drahten einen 
Schenkelabschnitt aufweist, der sich von einer der er- 

20 sten und zweiten Verbindungseinrichtung in eine 
Richtung im wesentlichen entgegengesetzt zur ande- 
ren der ersten und zweiten Verbindungseinrichtung 
erstreckt, wobei jeder der Schenkelabschnitte von der 
Langsmittelachse des Blutgerinnsel-Filters wegge- 

25 richtet vorgespannt ist und an einem seiner Enden ei- 
nen FuB fur den Eingriff mit einer Innenwand eines 
BlutgefS&es aufweist, um das Blutgerinnsel-Filter an 
einer gewunschten Position innerhalb des BlutgefaO- 
es zu halten und das Blutgerinnsel-Filter zentriert in- 

30 nerhalb des Blutgefa&es zu halten. 

3. Blutgerinnsel-FOter nach Anspruch 2, mit einer 
zwischen den Schenkelabschnitten und dem Kern- 
draht angeordneten Spreizeinrichtung zum Vorspan- 
nen der Schenkelabschnitte in eine von der 

35 Langsmittelachse des Blutgerinnsel-Filters wegwei- 
sende Richtung. 

4. Blutgerinnsel-Fflter nach Anspruch 1 , mit einer 
Mehrzahl von um den Kerndraht herum beabstande- 
ten Schenkein, von denen jeder ein erstes Ende, das 

40 mit einer der ersten und zweiten Verbindungseinrich- 
tung gekoppelt ist und ein dem ersten Ende gegen- 
uberliegendes zweites Ende aufweist, wobei das 
zweite Ende jedes der mehreren Schenkel einen Fu(i 
fur den Eingriff mit einer Innenwand eines Blutgefa&- 

45 es zum Halten des Blutgerinnsel-Filters in einer ge- 
wunschten Position innerhalb des BlutgefS&es und 
zum Halten des Blutgerinnsel-Filters zentriert inner- 
halb des Blutgefa&es aufweist 

5. Blutgerinnsel-FQter nach Anspruch 4, mit einer 
so zwischen der Mehrzahl von Schenkein und dem 

Kerndraht angeordneten Spreizeinrichtung zum Vor- 
spannen der Schenkelabschnitte in eine von der 
Langsmittelachse des Blutgerinnsel-Filters wegwei- 
sende Richtung. 
55 6. Blutgerinnsel-Filter nach Anspruch 1, bei dem 

die zweite Verbindungseinrichtung eine Hulse auf- 
weist, durch die hindurch sich der Kerndraht erstreckt 
und die eine 3u&ere kreisf5rmige Wand besitzt, wobei 

14 
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jeder der Mehrzahl von peripheren Drahten mit der 
auQeren kreisformigen Wand verbunden ist 

7. Blutgerinnsel-Fiter nach Anspruch 1, bei dem 
die zweite Verbindungseinrichtung einen Kragen mit 
einer zentralen Offnung aufweist und bei dem sich je- 5 
der der Mehrzahl von peripheren Drahten durch die 
zentraie Offnung des Kragens hindurch erstreckt und 

am Kragen befestigt ist. 

8. Blutgerinnsel-RIter nach Anspruch 1 , bei dem: 

a. der Kerndraht sich zwischen ersten und zwbh io 
ten entgegengesetztan Enden erstreckt. 

b. die erste Verbindungseinrichtung die Mehrzahl 
von peripheren Drahten zusammen verbindet 
und das erste Ende des Kerndrahts daran fest 
befestigt und t5 

c. sich eine Mehrzahl von Schenkein von der 
zweiten Verbindungseinrichtung im wesentlichen 
in Richtung zum zweiten Ende des Kerndrahts er- 
streckt und um den Kerndraht beabstandet ist, 
wobei jeder der Schenkel ein erstes Ende, das 20 
mit der zweiten Verbindungseinrichtung gekop- 

pelt ist, und ein dem ersten Ende entgegenge- 
setztes zweites Ende aufweist wobei das zweite 
Ende jedes der Mehrzahl von Schenkein einen 
Fu& fur den Eingrrff mit einer Innenwand eines 25 
Blutgefa&es aufweist, um das Blutgerinnsel-Fil- 
ter an einer gewunschten Position innerhaib des 
Blutgefa(^s zu halten und das Blutgerinnsel-Fil- 
ter zentrtert innerhaib des Blutgefa&es zu hatten. 

9. Blutgerinnsel-F3ter nach Anspruch 8. bei dem 30 
das zweite Ende des Kerndrahts sich uber die zwei- 
ten Enden der Mehrzahl von Schenkein hinaus er- 
streckt und In einer RGckzieher-Fassung zum 
freigebbaren In-Eingriff-Treten mit einem Ruckhalter 
bzw. Ruckzieher endet. um die erste Verbindungsein- 35 
richtung in Richtung zur zweiten Verbindungseinrich- 
tung zu Ziehen, wahrend der Kerndraht durch die 
zweite Verbindungseinrichtung gleitet. 

10. Blutgerinnsel-Filter nach Anspruch 1, bei 
dem: 40 

a. sich der Kerndraht zwischen ersten und zwei- 
ten entgegengesetzten Enden erstreckt, 

b. die erste Verbindungseinrichtung die Mehrzahl 
von peripheren Drdhten zusammen verbindet 

und diese fest am ersten Ende des Kerndrahts 45 
festlegt und 

c. sich eine Mehrzahl von Schenkein von der er- 
sten Verbindungseinrichtung im wesentlichen 
weg vom zweiten Ende des Kerndrahts erstreckt 

und um den Kerndraht beabstandet ist, wobei je- 50 
der der Schenkel ein erstes, mit der ersten Ver- 
bindungseinrichtung gekoppeltes Ende und ein 
dem ersten Ende gegenuberliegendes zweites 
Ende aufweist wobei das zweite Ende jedes der 
Mehrzahl von Schenkein einen FuR fur den Ein- 55 
griff mit einer Innenwand eines BlutgefS&es auf- 
weist, um das Blutgerinnsel-Filter an einer 
gewQnschten Position Innerhaib des Blutgefa&es 



zu halten und das Blutgerinnsel-Filter zentriert in- 
nerhaib des Blutgefa&es zu halten. 

11. Blutgerinnsel-Filter nach Anspruch 8, bei dem 
der stch zwischen der ersten und der zweiten Verbin- 
dungseinrichtung erstreckende Drahtabschnitt Jedes 
der Mehrzahl der peripheren Drahte eine vorbe- 
stimmte Lfinge besitzt und bei dem der Kerndraht ei- 
ne LSnge aufweist, die grotter als die vorbestimmte 
Lange ist, wobei das zweite Ende des Kerndrahts in 
einer Ruckzieher-Fassung zum freigebbaren In-Ein- 
griff-Treten mit einem Ruckzieher bzw. Ruckhalter 
endet um die erste Verbindungseinrichtung festzu- 
halten, wahrend die zweite Verbindungseinrichtung in 
Richtung zur ersten Verbindungseinrichtung durch 
Gleiten der zweiten Vertindungseinrichtung entlang 
des Kerndrahts vorwartsbewegt wird. 

12. Blutgerinnsel-Filter nach Anspruch 1, bei dem 
die Mehrzahl von peripheren Drahten zumindest 
sechs periphere DrShte umfaRt die im wesentlichen 
gleichwinklig um den Kerndraht herum beabstandet 
sind. 

13. Blutgerinnsel-Filter nach Anspruch 1. bei dem 
der Kerndraht und die Mehrzahl von peripheren Drah- 
ten aus rostfreiem Stahl bestehen. 

14. Blutgerinnsel-Filter nach Anspruch 1, bei dem 
der Kerndraht und die Mehrzahl von peripheren Drah- 
ten aus Titan bestehen. 

15. Blutgerinnsel-Filternach Anspruch 1, bei dem 
die Dicken der das Filtergewebe bQdenden periphe- 
ren Drahte jeweils ungefahr 0,010 Zoll (0,254 mm) be- 
tragen. 

16. Blutgerinnsel-Filter nach Anspruch 1 , bei dem 
das abgeflachte Filtergewebe bzw. -netz, das durch 
die Mehrzahl von peripheren Drahten gebOdet ist 
sich im wesentlichen senkrechtzur Langsmittelachse 
des Blutgerinnsel-Filters erstreckt 

17. Kombination aus einem Blutgerinnsel-Filter 
und einem Filter-Einfuhrgerat bei den 

a. das Blutgerinnsel-Filter in Kombination auf- 
weist 

i. einen sich entlang einer Langsmittelachse 
des Btutgerinnsel-Filters erstreckenden und 
erste und zweite entgegengesetzte Enden 
aufweisenden Kerndraht, 

ii. eine Mehrzahl von sich im wesentlichen um 
und beabstandet zum Kerndraht erstrecken- 
den peripheren Drahten, 

iii. einen ersten Verbinder zum gegenseitigen 
Verbinden der Mehrzahl von peripheren Drah- 
ten an einem ersten Verbindungspunkt, wobei 
der Kerndraht innerhaib der Mehrzahl von pe- 
ripheren Drahten beim ersten Verbindungs- 
punkt liegt und zum festen Verbinden der 
Mehrzahl von peripheren Drahten mit dem er- 
sten Ende des Kerndrahts, 

iv. einen zweiten Verbinder zum gegenseith 
gen Verbinden der Mehrzahl von peripheren 
Drahten an einem zweiten Verbindungspunkt 
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beabstandet zum ersten Verbindungspunkt 
und zum gleitenden Festlegen der Mehrzahl 
von peripheren Drahten um den innenliegerv 
den Kerndraht. 

V. eine Sperreinrichlung, die das Gleiten des 5 
zweiten Verbinders entlang des Kerndrahts 
von einer ersten entfernten Position zu einer 
zweiten nahen Position eriaubt. wahrend sie 
das Gleiten des zweiten Verbinders entlang 
des Kerndrahts von der zweiten nahen Posi- io 
tion zurQck zur ersten entfernten Position 
sperrt und 

vi. wobei die Mehrzahl von peripheren Drah- 
ten Jewells einen Drahtabschnitt umfassen. 
der sich zwischen den ersten und zweiten Ver- is 
bindern erstreckt und tm wesentlichen entlang 
des Kerndrahts liegt. wenn sich der zweite 
Verbinder in der ersten entfernten Position be- 
f indet. wahrend sich die Drahtabschnilte radi- 
al vom Kerndraht zu einer entfernten Position 20 
wegbewegen, um ein im wesentlichen abge- 
flachtes Filternetz zu bilden, wenn der zweite 
Verbindersich zu seiner zweiten nahen Posi- 
tion vorwfirtsbewegt, 

b. das Filter-EinfuhrgerSt in Kombination auf- 25 

weist: 

i. einen Zufuhrkathetermit einem distalen En- 
de fur die perkutane Einfuhrung in ein Blutge- 
fad und mit einem dem distalen Ende 
desselben gegenuberliegenden proximalen 30 
Ende, wobei das distale Ende des Zufuhrka- 
theters fur die Aufnahme des Blutgerinnsel- 
Filters fur dessen Positionierung an einer 
gewunschten Position in ein Blutgefa&ausge- 

legl ist, 35 

ii. einen Druckerkatheter, der gleitend inner- 
halb des Zufuhrkatheter aufgenonrunen tst 
und ein distales Ende nahe dem distalen Ende 

. des Zufuhrkatheters sowie ein proxinruiles En- 
de aufweist, das sich vom proximalen Ende 40 
des Zufuhrkatheters erstreckt, wobei das di- 
stale Ende des Druckerkatheter am Blutge- 
rinnsel-Filter anliegt, um dieses aus dem 
distalen Ende des Zufuhrkatheters heraus 
vorwarts zu bewegen, und 45 

iii. sin Ruckzieher-Kabel. das sich gleitend 
durch den Druckerkatheter erstreckt und ein 
proximales Ende, das sich vom proximalen 
Ende des Druckerkatheters nach au&en er- 
streckt, sowie ein distales Ende aufweist, das so 
freigebbar mit dem zweiten Ende des Kern- 
drahts des Blutgerinnsel-Filters zum Ruckzie- 

hen des Kerndrahts nach zumindesl teilweiser 
VorwSrtsbewegung des Blutgerinnsel-Filters 
aus dem distalen Ende des Zufuhrkatheters 55 
gekoppelt tst, wdhrend der DrQckerkatheter in 
anliegender Beziehung mit dem Blutgerinn- 
sel-Filter verbleibl, um die Mehrzahl von peri- 



pheren Drahten zur Bildung des Fiiternetzes 
zu veranlassen. 

18. Kombination nach Anspruch 17, bei dem das 
FBter-Einfuhrgerat weiterhin einen auBeren Katheter 
mit einem distalen Ende fur die perkutane Einfuhrung 
in ein BlutgefaQ und mit einem dem distalen Ende 
desselben gegenuberliegenden pre)xima!en Ende 
aufwebt, wobei der au&ere Katheter gleitend den Zu- 
fuhrkatheter fur die Ermfiglichung der Zufuhrung des 
Blutgerinnsel-Filters auf we tst sowie an seinem proxi- 
malen Ende eine Eingangsfiffnung aufweist. die eine 
deform iertiare Dichtung zum Abdichten des proxinna- 
len Endes des auBeren Katheters unter Ermoglh 
chung der entfernbaren Einfuhrung des distalen 
Endes des Zufuhrkatheters durch diese umfaBt. 

19. Kombination nach Anspruch 17, bei der jeder 
der Mehrzahl von peripheren Drahten einen Schen- 
kelabschnitt aufweist, der sich von einem der ersten 
und zweiten Verbinder in einer Richtung im wesent- 
lich entgegengesetzt zum anderen des ersten und 
zweiten Verbinders erstreckt, wobei jeder der Schen- 
kelabschnitte von der Langsmitteiachse des Blutge- 
rinnsel-Filters weggerichtet verges pannt ist und einen 
FuB an einem seiner Enden fur den Eingriff mit einer 
Innenwand eines BlutgefSBes zum Halten des Blutge- 
rinnsel-Filters an einer gewunschten Position inner- 
halb des BlutgefaBes aufweist 



Revendications 

1. Filtre de retenue de caillots sanguins compre- 
nant en combinaison ; 

a. un f il d'&ne s'^tendant sur un axe longitudinal 
central dudit filtre de retenue de caillots san- 
guins ; 

b. un groups de fils p6riph6riques s'^tendant 
dans I'ensemble autour du fil d'dme en 6tant 
espac^s autour de ce dernier ; 

c. un premier nrK>yen de connexion pour relier 
ensemble les fils dudit groupe de fils pSriph^ri- 
ques en un premier point de connexion, ledit fil 
d'Sme s*6tendant d rinl6rieur dudit groupe de fils 
p6riph6riques audit premier point de connexion, 
ledit premier moyen de connexion assujettissant 
solidairement ledit groupe de fils p6riph6riques 
audit fil d'dme s'^tendant d llnt^rieur de celui-ci ; 

d. un second moyen de connexion pour relier 
ensemble les fils dudit groupe de fils p6riph6ri- 
ques en un second point de connexion distant 
dudit premier point de connexion, ledit fil d'dme 
s'6tendant d I'int^rieur dudit groupe de fils p6ri- 
ph^iques audit second point de connexion, ledit 
second moyen de connexion r6unissant d coulis- 
sement ledit groupe de fils p6riph6riques autour 
dudit fil d'dme s'6tendant d I'int^rieur de celui-ci ; 

e. un moyen de verroufllage permettant audit 
second moyen de connexkin de coulisser le long 



16 



31 



EP 0 350 043 B1 



32 



dudit fil d'dme dans une premiere direction vers 
I edit premier nnoyen de connexion, d'une pre- 
miere position d'6loignement d una seconde posi- 
tion de rapprochement, ledit wofen de verrouOlage 
empSchant tedit second moyen de connexion de 5 
couiisser le long dudit f 3 d'dme dans une direction 
oppos^e d ladite premiere direction, de ladite 
seconde position de rapprochement ^ ladite pre- 
miere position d*eioignement ; et 
f. chacun des f ils dudit groupe de fils p^iph^ri- io 
ques comprenant un tron^on de ft! s*etendant 
entre lesdits premier et second moyens de 
connexion et situ6 sensiblement le long dudit fil 
d'dme lorsque ledit second moyen de connexion 
se trouve dans ladite premiere position d'^loigne- is 
ment. lesdits trongons de fils s'dcartant radiale- 
ment dudit fil d*dme jusque dans une position 
d^ploy^e pour former un treillis de filtration sen- 
siblement aplati quand ledit second moyen de 
connexion avance vers ladite seconde position 20 
de rapprochement 

2. Filtre de retenue de caillots sanguins tel que 
d^fini par la revendication 1. dans lequel chacun des 
fils dudit groupe de fils periphdriques comporte un 
tron^on formant une patte qui s'^tend depuis Tun des- 25 
dits premier et second moyens de connexion, dans 

une direction g^n^rale oppose ^ Tautre moyen de 
connexion, chacun desdits tron9ons formant les pat- 
tes etant sollicite dans une direction I'dtoignant de 
i'axe longitudinal central dudit filtre de retenue de call- 30 
lots sanguins. chacun desdits tron^ns formant les 
pattes comportant, ^ t'une de ses extr6mit6s, un talon 
destine d venir en prise avec une parol interieure d'un 
vaisseau sangiiin pour maintenir ledit filtre de retenue 
de caillots sanguins. en un emplacement d6sire. e 35 
rinterieur dudit vaisseau sanguin, et pour maintenir 
ledit filtre de retenue de caillots sanguins dans une 
position centr^e d Tinterieur dudit vaisseau sanguin. 

3. Filtre de retenue de caillots sanguins tel que 

d6f ini par la revendication 2, comportant des moyens 4o 
d'ecartement disposes entre lesdits tronpons formant 
les pattes et ledtt fil d'dme pour sollidter lesdits tron- 
90ns formant les pattes dans une direction les eioi- 
gnant de I'axe longitudinal central dudit fOtre de 
retenue de caillots sanguins. 45 

4. Filtre de retenue de caillots sanguins tet que 
defint par la revendication 1. comportant en outre un 
groupe de pattes dipos^es e distance Tune de Tautre 
autour dudit fil d'^e. chacune desdites pattes pr6- 
sentant une premiere extremite reliee e Tun desdits 50 
premier et second moyens de connexion et une 
seconde extremite opposee e la premiere extremite. 

la seconde extremite de chacune des pattes dudit 
groupe de pattes possedant un talon destine d venir 
en prise avec une parol interieure d'un vaisseau san- 55 
guin pour maintenir ledit filtre de retenue de caillots 
sanguins. en un emplacement desire, e Tinterieur 
dudit vaisseau sanguin, et pour maintenir ledit filtre de 



retenue de caillots sanguins dans une position cen- 
tree d rinterieur dudit vaisseau sanguin. 

5. Filtre de retenue de caillots sanguins tel que 
defini par la revendication 4. comportant des nrtoyens 
d'ecartement disposes entre ledit groupe de pattes et 
ledit fil d'Sme pour sollidter lesdites pattes dans une 
direction les eioignant de Taxe longitudinal central 
dudit filtre de retenue de caillots sanguins. 

6. RJtre de retenue de caillots sanguins tel que 
defini par la revendication 1. dans lequel ledit second 
moyen de connexion comprend un manchon d travers 
lequel s'etend ledit fil d'Sme, ledit manchon presen- 
tant une parol exteneure circulaire. et chacun des fils 
dudit groupe de fQs peripheriques etant connecte e 
ladite parol exterieure circulaire. 

7. Filtre de retenue de caillots sanguins tel que 
defini par la revendication 1. dans lequel ledit second 
moyen de connexion comprend un collier presentant 
une ouverture centrale, chacun des fils dudit groupe 
de fils peripheriques s'etendant e travers I'ouverture 
centrale dudit collier et etant assujetti audit collier. 

8. Filtre de retenue de caillots sanguins tel que 
defini par la revendication 1. dans lequel : 

a. ledit fil d'dme s'etend entre des premiere et 
seconde extremites opposees ; 

b. ledit premier moyen de connexion reunissant 
ensemble les fils dudit groupe de f Qs peripheri- 
ques et assujettissant rigidement k ceux-ci la pre- 
miere extremite dudit fil d*§me ; et 

c. un groupe de pattes s'etend depuis ledit 
second moyen da connexion, dans I'ensemble en 
direction de la seconde extremite dudit fil d*dme. 
avec une disposition des pattes e distance Tune 
de Tautre autour dudit fil d'dme, chacune desdi- 
tes pattes ayant une premiere extremite reliee 
audit second moyen de connexion et une 
seconde extremite opposee e la premiere extre- 
mite, la seconde extremite de chacune des pattes 
dudit groupe de pattes comportant un talon des- 
tine e venir en prise avec une paroi interieure d*un 
vaisseau sanguin pour maintenir ledit filtre de 
retenue de caillots sanguins, en un emplacement 
desire, e rinteneur dudit vaisseau sanguin, et 
pour maintenir ledit filtre de retenue de caillots 
sanguins en position centree e Tinterieur dudit 
vaisseau sanguin. 

9. Filtre de retenue de caillots sanguins tel que . 
defini par la revendication 8, dans lequel la seconde 
extremite dudit fil d'dme s'etend au-dete des secon- 
des extremites des pattes dudit groupe de pattes et se 
termine par un accessoire de retraction pour venir en 
prise, de fagon lit>erabie, avec un organe de retraction 
permettant de tirer ledit premier moyen de connexion 
vers ledit second moyen de connexion au fur et e 
mesure que ledit fil d'dme coulisse e travers ledit 
second moyen de connexion. 

10. Filtre de retenue de caillots sanguins tel que 
defini par la revendication 1. dans lequel : 
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a tedit f il d'dme s'^tend entre des premiere et 
seconde extrdmitds opposdes ; 

b. led it premier moyen de connexion r^unissant 
ensemble les fils dudtt groupe de fiis p^iph6ri- 
ques et assujettissant rigidement ceux-ci k la pre- 
miere extr6nrtit6 dudit fit d'dme ; et 

c. un groupe de pattes s'^tend depuis ledit pre- 
mier moyen de connexion, dans une direction 
g^n^rale oppos^e k la seconde extr^mit^ dudit fil 
d'§me. avec une disposition des pattes k distance 
Tune de Tautre autour dudit fil d'Sme, chacune 
desdites pattes ayant une premifere extr6mit6 
relite audit premier moyen de connexion et une 
seconde extr^mit^ oppos^e d la premiere extr6- 
mit6, la seconde extr^mit^ de chacune des pattes 
dudit groupe de pattes comportant un talon des- 
tine d venir en prise avec une parol int^rieure d'un 
vaisseau sanguin pour maintenir ledit f litre de 
retenue de caillots sanguins, en un emplacement 
d^slrd, d I'int^rieur dudit vaisseau sanguin, et 
pour maintenir ledit filtre de retenue de caillots 
sanguins en position centrde ^ I'int^rieur dudit 
vaisseau sanguin. 

11. Fatre de retenue de caillots sanguins tel que 
d^f ini par la revendication 8. dans lequel le tronpon de 
fil s'^tendant entre lesdits premier et second moyens 
de connexion pour chacu n des fils dudit groupe de f Qs 
p^riph^riques est d'une longueur pr^d^termin^, et 
dans lequel ledit fil d'dme est d'une longueur sup^ 
rieure d ladite longueur pr^d^termin^e. la seconde 
extr^mit^ dudit fil d'dme se terminant par uo acces- 
soire de retraction destine k venir en prise, de fapon 
liberable. avec un organe de retraction pour maintenir 
ledit premier moyen de connexion fixe pendant que 
ledit second moyen de connexion est avance vers 
ledit premier moyen de connexion par coulissement 
dudit second moyen de connexion le long dudit fil 
d'dme. 

12. Filtre de retenue de caillots sanguins tel que 
def ini par la revendication 1, dans lequel ledit groupe 
de fils peripheriques comprend au moins six fils peri- 
pheriques repartis sensiblement equl-angulairement 
autour dudit f 0 d'^e. 

13. Filtre de retenue de caillots sanguins tel que 
def ini par la revendication 1, dans lequel ledit fil 
d'l^n^ et les f Os dudit groupe de fils peripheriques 
sont realises en acier inoxydable. 

14. Filtre de retenue de caillots sanguins tel que 
def ini par la revendication 1, dans lequel ledit fil 
d'dme et les f3s dudit groupe de fils peripheriques 
sont realises en titane. 

15. Filtre de retenue de caillots sanguins tel que 
def ini par la revendication 1, dans lequel les epais- 
seurs desdits fils peripheriques fbrmant ledit treillis de 
filtration sont d'environ 0.010 pouce (0,254 mm) cha- 
cune. 

16. Filtre de retenue de caillots sanguins tel que 
def ini par la revendication 1. dans lequel le treillis de 



filtration aplati forme par les fils dudit groupe de fits 
peripheriques s'etend dans I'ensemble perpendiculai- 
rement k Taxe longitudinal central dudit f Otre de rete- 
nue de caillots sanguins. 
5 17. Combinaison d'un filtre de retenue de caillots 

sanguins et d*un appareil de pose de filtre. dans 
laquelte : 

a. tedit fStre de retenue de caSlots sanguins 
comprend en combinaison : 

10 i. un fil 6'kme s'etendant sur un axe longitudi- 

nal central dudit filtre de retenue de caillots 
sanguins et presentant une premiere et une 
seconde extremites opposees ; 

ii. un groupe de fils peripheriques s'etendant 
IS dans Tensemble autour du fil d'dme en etant 

es paces autour de ce dernier ; 

iii. un premier connecteur pour relier enserrv 
ble les fils dudit groupe de fils peripheriques 
en un premier point de connexion, ledit fil 

20 d'dme s'etendant k I'interieur dudit groupe de 

fils peripheriques audit premier point de 
connexion, et pour soltdariserfermement ledit 
groupe de fits peripheriques e la premiere 
extremite dudit fil d'&ne ; 

25 iv. un second connecteur pour relier ensemble 

les fils dudit groupe de fils peripheriques en 
un second point de connexion distant dudit 
premier point de connexion, et pour reunir e 
coulissement ledit groupe de fiis peripheri- 

30 ques autour dudit fil d'dme s'etendant e I'inte- 

rieur de celui-ci; 

V. un moyen de verrouillage permettant audit 
second connecteur de coulisser le long dudit 
fil d'dme, d'une premiere position d'eioigne- 

35 ment e une seconde position de rapproche- 

ment, ledit moyen de verrouillage empSchant 
ledit second connecteur de coulisser le long 
dudit fil d'dme de ladite seconde position de 
rapprochement vers ladite premiere position 

40 d'eioignement ; et 

vi. chacun des fils dudit groupe de fils peri- 
pheriques comprenant un tron9on de fil 
s'etendant entre lesdits premier et second 
connecteurs et situe sensiblement le long 

45 dudit fil d'dme lorsque ledit second connec- 

teur se trouve dans ladite premiere position 
d'eioignennent, lesdits tronpons de fils s'ecar- 
tant radialenrtent dudit fil d'dme jusque dans 
une position deployee pour former un treillis 

50 de filtration sensiblement aplati quant ledit 

second connecteur avance vers sa seconde 
position de rapprochement. 

b. ledit appareO de pose de filtre comprend en 
combinaison : 

55 1 . u n catheter de pose ayant une extremite dis- 

tale pour une introduction percutanee dans un 
vaisseau sanguin et ayant une extremite 
proximale opposes e son exb-emite distale. 
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rextr6mit6 distale dudit catheter de pose 6tant 
adapt^e pour recevoir ledit f iltre de retenue de 
caillots sanguins af in de le positionner en un 
emplacement d6sir6 dans un vaisseau san- 
guin ; 

ii. un cathSter-poussotr re^u d coulissement d 
rint^rieur dudit catheter de pose et pr6sentant 
une extr^mit^ distale d proximity de I'extrd- 
mit6 distale dudit catheter de pose, ledit 
cath6tBr-poussoir pr6sentant une extr6mit6 
proximale s'^tendant depuis Textr^mit^ proxh 
male dudit catheter de pose. Textr^mit^ dis- 
tale dudit cath^ter-poussoir venant en but^e 
contre ledit f litre de retenue de caillots san- 
guins pour le faire avancer hors de I'extr^it^ 
distale dudit catheter de pose ; et 
ill. un cdble de r6tractbn s'^tendant d coulis- 
sement d travers ledit cath^ter-poussoir, ledit 
ckble de retraction pr^sentant une extr^mit^ 
proximale s*6tendant vers I'extdrieur depuis 
rextrdmite proximale dudit cath^ter-poussoir 
et pr^sentant une extr^mitd distale relide, de 
fa^n lib^rable. d la seconde extr^mit^ dudit 
fit d'dme dudit f iltre de retenue de caillots san- 
guins pour r^tracter ledit fil d'dme aprds que 
ledit f iltre de retenue de caillots sanguins a ^t^ 
au moins partiellement avanc^ d partir de 
t'extr^mite distale dudit catheter d'implanta- 
tion tandis que ledit cath^ter-poussoir reste 
en relation d'aboutement avec ledit filtre de 
retenue de caillots sanguins pour annener ledit 
groupe de fils p^riph^riques d former ledit 
treillis de filtration. 

18. Comblnaison telle que d^finie par la revendl- 
catbn 17, danslaquelte ledit appareil de pose de filtre 
comporte en outre un catheter extern e prSsentant 
une extr^mite distale pour une introduction percuta- 
n^e dans un vaisseau sanguin et pr^sentant une 
extrdmitd proximale oppos^e d son extr6mit6 dstale. 
ledit catheter externe recevant d coulissement ledit 
catheter de pose pour permettre audit filtre de rete- 
nue de caillots sanguins d'etre d6pos6 par celui-ci, 
ledit catheter externe comportant un orifice d'entr^e 
d son extremity proxinr^e. ledit orifice d'entr^e 
comportant un joint d^formable pour r^aliser une 
6tanch6it6 au niveau de rextrdmit^ proximale dudit 
catheter externe tout en permettant d I'extr^it^ dis- 
tale dudit catheter de pose d'etre insdr^e d travers ce 
dernier, avec possibOit6 de retratt 

19. Comblnaison telle que dSfinte par ta revendi- 
catbn 17, dans laquelle chacun des fils dudit groupe 
de fQs pSriph^riques comporte un tron^on formant 
une patte qui s'^tend depuis I'un desdits premier et 
second connecteurs, dans une direction g6n6rale 
oppos6e d I'autre connecteur, chacun desdits tron- 
90ns formant les pattes 6tant sollicit^ dans une direc- 
tion reioignant de I'axe longitudinal central dudit filtre 
de retenue de caillots sanguins, chacun desdits tron- 



(ons formant les pattes comportant, ^ Tune de ses 
extrdmitds, un talon destine d veniren prise avec une 
parol int^rieure d'un vaisseau sanguin pour matntenir 
ledit filtre de retenue de caillots sanguins* en un 
emplacement d6sir6, d Tint^rieur dudit vaisseau san- 
guin. 
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